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To test the effect of chance fixation on the ultimate 
limit. 
To teat the effect of restriction of the pojulQtion size 
on the limit. 
II. INTIWDUCTIUN. 
Despite the large number of publications dealing with 
selection experiment, on quantitative characters, the effects of 
chance fixation and restrictions on population size, although 
theoretically considered, have not yet been experimentally explored. 
It is unsafe to generalise on the genetic control of 
quantitative phanomena. 	The difficulties stem mainly from the 
fact that in each experimental situation there are a number of 
unknown quantities which reduce the reliability of predictions 
concerning the ultimate results or selection limits. The number 
of genes involved and their effects, their frequency and linkage 
relationships, the past evolutionary history of the particular 
popultioua, the existence of multiple alleles, are all compli-
ontiug elements. 
Cases are found in which selection was ineffective, other* 
where continued progress was maintained for many generations and 
in which the plateau phase vms attained with a partial or complete 
exhaustion of genetic variability. 
The characters to which selection has been applied, in 
domestic as well as laboratory animals cover a Tory wide ran 
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In pointing out some of them we have chosen either the most 
representative or the ones which have made the greatest contri-
bution to the understanding of quantitative inheritance. 
In domestic animals it is perhaps interesting to rus.r 
to the data presented by Lush (1061) referring to flee., weight 
In Australian Merinos, butterfat in New Zealand Jerseys and 
butterfat percentage in Dutch Friesians, Although the data do 
not r*f or to properly designed experiments, and it is not possible 
to partition the improvement into environmental and genetic oem-
ponente, it should be noted that even during the two world war 
poriod&i, there was no detectable reduction in the butterfat per-
centage of Dutch Friesians. This can perhaps be accounted for by 
the fact that fat percentage is a highly heritable character (a 
heritability of around 50% and consequently more responsive to 
selective pressure) or else because, being a percentage aeasureaet, 
It is less affected by the nutritional level than is ai11 yield. 
The same kind of results are shown for butterfat percent.. 
age by the Danish cow testing association, 	The period, of food 
scarcity did not affect the increasing trend in butterfat percent-
age of the milk. 
Lush (op. cit.) gives a detailed account of the results 
obtained with pigs in the official testing stations in Denmark. 
The response to selection, although with different magnitudes in 
the differ-at characters selected, is always present. Yeed 
requirements in the beginning of the experiment and the character. 
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related to carcass quality - body length and thickness of book 
fat - have the Largest responses to selection pressure. 
Si.rk and Winters (1951) selecting for economically 
Important characters in .wine and culling on the basis of numbers 
of pigs farrowed, numbers of pigs weaned, rate of gain up to 154 
days of age, efficiency of feed utilization and score were not 
able to promote any progress. This absence of response can be 
understood by a consideration of the selection criteria involved, 
and of the mating system applied which was intended to increase 
the level of inbreeding as rapidly as possible. 
Dickerson (1951) reports a similar situation in a 8electiuu 
experiment again for economic character, in swine. 	It is pointed 
out that selection is effective for some oharoteri, e.g. body 
dimension, and carcass conformation but almost negligible for 
other characters, such as viability and litter size which have 
apparently been subjected to an appreciable degree of unidirectional 
selection. Negative physiological association between different 
selected caructers have been shown to exist, and the increased 
level of inbreeding sets as a brake on performance. 	These sonditions 
produce a situation referred to by Lernor (1954) as comparable to 
"Alice in Wonderland" or by Dickerson (1955) as "genetic slipug.", 
Terrll (1951) selecting for eoouomcially important traits 
In sheep was able to show that the genetic improvement from 193$ 
to 1958 in inbred Itaabouilet lines although present was less than 
expected and that the greater part of it was obtained from the 
selection of rams, 
-4— 
Robertson (1949) in a report dealing with a herd of 
Fulani cattle at Shika in Nigeria selected for Increased milk 
yield during 18 years, points to the very creditable selection 
pressure achieved and the probable yearly genetic improvement 
of the order of 21/i  gallons of milk. however, in practice 
it is not easy to distinguish between genetic improvement and 
that brought about by better management methods. This aspect 
In very marked in selection experiments with tropical or sub-
tropical cattle, where not only changing conditions of manage—
aunt but climatic irregularities are sources of variation. In 
this respect the lusa herd of Sahiwal breed with the phenomenal 
increase in production is perhaps the best example of environ-
mental masking of any possible genetic improvement achieved, 
buyer (1934a, 1934b, 1937). Dempster and Leiner (1947) acict 
ing for egg production in the fowl and testing for the relative 
efficiency of different breeding methods pointed out, not 
unexpectedly, tLt teed for the widespread use of younger birds 
as parents. The optimal level is when 90% of the females and 
80% of the males are pullet.. 
Lerner and Hazel (1947) analysing the same data showed 
that the rate of progress was predictable thereby proving the 
validity of the genetic and statistical assumptions upon which 
the predictions were based. 
Lerner and Dempster (1951) selecting for shank length 
in the fowl showed that a plateau following an initial marked 
response was achieved but that neither the amount of genetic 
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variance nor the degree of heritability decreased. 	in fast 
It a correction for the degree of inbreeding in applied to 
the figures obtained the calculated heritability is bigger 
during the plateau phase. It to also shown that the number 
of offspring raised to maturity per dam - which is presented 
as an index of fitness - fall. from 3.75 in the first phase 
to 4.47 during the plateau and that a negative correlation 
between the genotypes of the dams for shank length and h&atsha-. 
bility of their eggs developed during the second ph..e , of the 
experiment. Half of the lose in the rate of progress in this 
second phase is ascribed to that of negative correlations. 
For economic reasons as well as biological suitaLaikity, 
selection experiments using laboratory animals are much more 
abundant, and the variety of aims is also larger than those of 
the domestic specie.. 
Mather and tiarrison (1041I) uclooting for iucreuod 
number of stornopleurel bristles on Drosophila melanogaster 
in a long and laborious experiment proved the Importance of 
linkage and presented •od evidence of the concepts of polygenis 
or quantitative variation, Mather (1041, 1942). 
Robertson and ifeeve (1952 et, seg) seloctiag ia 
prolonged experiments, for wing and thorax length on Drosophila 
melanoguster were faced with complex genetic situations which 
did not fit any simple theory. 	. .. .obertson (1955) reports 
that the line selected for small thorax in reaching the limit 
or plateau phase gave evidence of fixation. Not so in the line 
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selected for increased thorax in which reversed selection or 
relaxed selection resulted always in a return toward the 
original thorax size. 
Clayton ut al (ioi) selecting for abdominal bristles 
'erg able to show the existence in 7 out of 10 lines of lethal 
autosonal genes in high frequencies which were perhaps responsible 
for the existing genetic variance. It can be assumed that these 
genes or factors had a favourable effect on the character when 
In a heterozygous stat., so that an overdominance situation 
occurred when the effects of artificial and natural selection 
were considered together. This aspect of hotorosygous advantage 
has been reported in economic characters in poultry, Briles (1954). 
Egg production in 3 inbred lines of White Leghorns being from 9 
to 30 higher for birds heterozygous for the B blood group locus. 
Qoodale (1938) selecting for increased body weight on 
mice, was able to shift the mean of the base population by 40S 
In males md 32g  in fmalti.. 
MacArthur (1949) selecting for inoreed and dcresed 
body also in nice was also able to effect a marked change in the 
:ow io 	:a k ointed out by the author, it is quite surprising 
ii 	.idly art or.&ian can be remodelled by a short term of mass 
selection in such fundamental characters as growth and reproduction, 
Falconer and King (1953) crossed the lines for increased 
also created by Goodale and MacArthur, both considered to have 
reached a limit, and selection was restarted. The line created 
by the cross outdid the limit of the highest parental line after 
-7— 
about $ generation.. 
The renewed response in the cross—bred line was 
interpreted as showing that exhaustion of getietio variance was 
the reason behind the Unit achieved in the parental lines. It 
is also shown that this genetic exhaustion was iainly due to 
the effects of selection. only a small part of the loss could 
be imputed to the effects of inbreeding. 
The pattern of response was directly coaiarable with 
that obtained by Falconer (1953) when the selection was started 
from a four—way cross of inbred lines to which no previous 
selection had been applied. 
Ialcouur and Latyzewaki (1950) modified by Falconer 
(1960) selecting for size in nice on restricted and unrestricted 
planes of nutrition showed how important a switching mechanism 
for polygenia aystena, the environment can be. The nice 
selected under unrestricted feeding when raised on the poor 
plane of n*tritiou did not reach the weight of contemporaneous 
nice of the restricted diet line. 	On the other hand nice of 
the restricted diet line when raised on full diet showed that 
the improvement achieved was almost identical to that obtained 
by nice selected on fulldiet, 	In analysis of the fatness of 
the nice of the two different lines when both wore reared under 
full—diet showed that the nice of the line selected under 
restricted feeding ware loss fat than the ones selected under 
full—diet. And more, 0 the difference in the weight of fit 
was greater than the difference in total body—weight, so that 
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weight of non-fat tissues was actually greater in the restricted 
line'. 
Clirke, 	yurd-Saith and Lioudhi (1950) selefuLiij. for 
rate of development in Drosophila enbobscura came to the situation 
which is suggested to be a "developmental barrier". 	:o progress 
or very little was achieved in selecting for a I aitor development. 
And as said by the authors this is perhaps a situation which may 
prove to be typical of characters which have in the past been 
expo-sed to directional selection for an appreciable time in a 
reasonably large population, either in nature or in domestication. 
And this "developmental barrier" is perhaps a more definite 
than the one reported by F.W. Robertson (1955) who, in explaining 
the limit achieved in the small line., (referred to earlier), 
nuuntnd that the small sine of these lines resulted from a low 
metabolic eZioiency provoked by homosygosia. There are perhaps 
other gones or gene combinations in the base populations which 
could, if present in the selected linen, promote smaller thorax 
than the ones achieved. 
It is not surprising that the results achieved in these 
oxporineuts are not directly comparable. 	via if the genetical 
mochxuiisms concerned could be thought to be the same, the under-
lying physiology of the different characters must be widely 
different and the diversity of the breeding procedures is only 
another complicating mechanism. Still another one is the 
selected character itself. 
It is to be expected that if a cliaracter iiaa been I) CU 
to the action of natural selection no artificial selection 
pressure is likely to succeed since no additive genetic vriance 
will be available. 	In other words if the character is closely 
related with natural fitness no marked response is to be achieved 
from selection with either farm or laboratory animals, Robertson 
A further complication is the possible existence of 
multiple alleles. 	And even if this possibility has not been 
overlooked by quantitative geneticists (Goodalo, 1038) its 
consequences were underestimated or neglected and mainly so by 
research workers with )roaophila. 	Drosophila, where crossing— 
over is non—existuat in the male and which has a smaller number 
of chromosomes then the other laboratory animals, is perhaps 
more prone to show discrepancies between replicated lines or 
samples taken from the same population, 
ilowavor, it is perhaps legitimate to think that the need 
for replication, in order to achieve a better sampling of the 
population under study, could be of more general use. 
ork with blood group loci in recent years has shown 
the existence of some extremely large allelic aeries. 	Examples 
of this are the B and C systems in cattle, Stormont, (LUSO) and 
the B system in the fowl, Bruce et al. (1950) where each strain 
or line seems to have a different series of alleles with almost 
no overlapping, Briles ,t ml. (1957). 	It is perhaps reasonable 
to assume that such allelic series occur at loci occupied by 
Sense affecting quantitative characters. 
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It remains to be shown whether this is true (of 
quantitative characters) and it Is perhaps only the lack of 
knowledge of bow to label the effect of each allele at each 
locus which is responsible for the omission. 
And even apart from the genetic peculiarities of 
Drosophila and the possibility of multiple allelism the importance 
of replication in such selection experiment, is emphasised by the 
magnitude of sampling variance and the possibility of gaining a 
butter knowledge of the nature and frequencies of the genes 
controlling the character existing in the base population, 
The replicated experiment done by Clayton et al. (1051) 
doøignod to check quantitative theories gives, apart from the 
main line of the experiment, good evidence of the real need of 
replication as a moans of properly sampling the base population 
and so obtaining * on average, a truer picture of what happens. 
The solucted lines in this experiment showed differences in the 
rate of response and in the i..i of plateau finally reached, 
These differences are perhaps due to the fact that each selection 
line is an independent sample of the genetic material existing 
in the base population or are an indication of the fact that 
each line is subjected, during selection, to a differential 
inbreeding loss of genes. 	For a theoretical treatment of title 
phenomenon see Robertson (1961). This aspect of inbreeding 
effects if given as an explanation by Cookerbam and Martin (1958) 
to a similar situation found in a simulated study of selection 
in a computer, where the lines showing the fastest initial response 
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reach the plateau at the lowest level, 
McBride (1959) in a replicated experiment designed 
to compare the relative efficiency of different selective 
treatment., assortative selootion, mass—selection and random—mating 
was also able to show the usefulness and nod of replication., 
Rasmueson (1952) derived 10 inbred hues from a single 
population of Drosophila. 	The lines were maintained by brother— 
sister unting and no intentional selection was applied, in each 
generation atoruopleurol bristles and abdominal counts were made, 
As the qudait of inbreeding the lines quickly separated during 
the first 10 generation, and the divergence achieved between 
the more extreme lines in both characters is of the order of 
30 of the mean value of the characters in the bas. populations, 
This is the kind of picture to be expected from theoretical 
considerations of inbreeding effects and chance fixation, 	,-td 
theoretically it can be expected in a selection prograe tit 
genetic sampling or genetic drift, causing a random change in 
gene frequency from generation to generation, is accompanied 
by a directed change in the cams gene frequency du* to the 
effects of selection. 	In a recent paper Itobertuon (1980) 
presents a theoretical analysis of this problem. 	It is shown 
that in selecting from a large unselected base popalation it 
In the initial generation which is important in the sense of 
losing low frequency genes, 	Jtczards any of the lines 
created baa its own giut 	t hi,lier frequencies. 	Tats loss 
of genes and iediate increase in the remaining ones is a much 
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more marked process whenever there is a marked restriction 
In the population also a so—called bottleneck - and in the 
particular case of restriction to a single pair—mating, the 
lowest gene frequency to be found in the offspring is 25. 
It follows that no further restriction will be so powerful 
In provoking gene frequency changes or genetic changes by loss, 
Robertson (unpublished date) selected for increased 
st.rnopleurnl numbers in five different lines propagated by 
full-sib muting, selecting as parents the best pair out of 
five scored. The behaviour of the lines can be best appreciated 
In Fig. 1. 	Tantaway (1950) reports a Drosophila experiment in 
which selection was applied for increased as well as decreased 
wing length. 	It shoved parallel behaviour in the two lines 
selected for increase, and a lack of response to selection 
around the fourth generation of full—sib mating. 	In the down 
lines however, the divergence in the end of the experiment, at 
generation 8, between these two lines, also maintained by full—
sib mating was of the order of twice the divergence from the 
control, of the line, selected for increased length. 
The suggested explanation for this divergence in the 
down lines is of an environmental nature, but theoretical 
considerations of chance fixation and inbreeding would provide 
as good an argument. 
Confirmation of quantitative genetical theory to not 
abundant. Lerner and head (1947) later modified by Lerner 
(1054) claimed that their pr.dictions were in good agreement 
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with the results obtained in their selection experiments. 
But, the evidence available is not entirely satisfactory, 
because, although the calculations of the necessary parameters 
used to test the validity of theory were not based on the experi-
ment itself, the individuals upon hioh the calculations were 
mad., uncles and nieces, were produced during the selection 
experiment. 
Clayton at al. (1957) avoided the same situation by 
obtaining the necessary parameters from an analysis of the 
Population in a static phase. 	The prediction.s of the response 
when the lines were produced and submitted to selection were 
reasonably good, say up to the fifth to seventh generations. 
The dynamic phase corresponding to selection, which through 
migration, vit.Lin each line, from generation to generation, 
Induced gene frequency changes and a corresponding change in 
the parameters so that the agreement between prediction and 
result, became, progressively weaker. 
McBride (1959), testing the effectiveness of ussortative 
mating as an aid to selection was able to show the offset on the 
ultimate selection limit when the bass population has a coeffic-
ient of inbreeding different of zero. 	Theoretically it was 
expected that on* of the linie with an initial F value of 
9.375 would show only 93 of the response of another line 
submitted to the sasie treatment. 	In I Act the observed response 
In generation 5 was of the order of 82k, but at the fourth 
gen.ratiaa the reeponse in both lines was the same and at the 
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and of the experiment at generation 19 the divergence of the 
two lines was mush more marked than the theoretical pr.dictiün. 
The lane expected to show 93 of response of the other one 
showed only approximately 50. This divergence was explained 
by the appearance and fixation in the une that reached a higher 
level of a recessive gene,Scrabrosus. 
Sines, as previously pointed out, there is virtually - 
no experimental evidence of the role of chance fixation and 
the effects of restriction of population size it was decided 
that a direct tout on the.e two aspects would be useful. It 
was with this purpose in mind that the experiment to be 
described was designed, 
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Ill. tT)J11AL AND METHODS 
(a) 	The Stock. 
The breeding history of the Kaduna population of 
Drosophila aelanogaster used in these experiment, has been 
described in detail by Clayton at ak. (1957). 	Briefly, the 
population has been maintained at 25 °C at a cisc of approxi- 
mately 5000 since 1949. 	Ueform sampling the population at 
the start of these experiments in May 1959, roughly 175 gener-
ations of random brooding had occurred, 
The sampling of the population was effected by egg 
collection. 	This was done by placing bottles containing fresh 
food in the cage for a period of 24 hours during which time 
several hundred eggs were deposited, 	On hatching, the younter  
flies were sexed and transferred to 2 x 1, inch food vials. 
Throughout the experiment the flies were kept in a 
constant temperature room (25 °C 0.30C). 
Overcrowding in the vials or bottlea was avoided by 
removal of the parents, and an attempt was made to maintain 
an optimal density of 400 hundred eggs per bottle or 50 per 
vial. 	In the initial stages the removal of parents was 
oblittory but at the later stage., when fertility decreased 
markedly, this precaution was unnecessary. 
The flies were etherised for scoriug .uLd tucu stored 
In labelled tubes. 11henp in each case, the required sample had 
been scored the selection of the desired parents was straight- 
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forward. 
The choice of breding system and selection intensity 
were influenced by the results obtained by Clayton at al.(1057) 
and the theoretical considerations dealt with by Dempster (1955). 
The (haxuotor. 
In choosing the sterneploural oliaotas we departed a 
little from the more traditional and well studied abdorn.na1., 
the main reason being the relatively easier scoring technique. 
On the other hand it has boon shown by Cooke, (1954) that the 
operative polyganic systems controlling the expression of sterno-
pleural and abdominal obaota are similar at least in part. 
All the thoracic bristles and hairs are known to be 
directly connected to peripheral nerve cells. This was found 
to be true not only of wild type flies but also of mutants with 
either decreased or Increased numbers of bristles. Stern (1938) 
However, this anatomical knowledge is of Llot very great 
help to the understanding of the more or less complicated 
phyaiologiuo—geu.tioal associations and the interpretation of 
the results of any selection experiment will, for that reason, 
be far from complete. On the other hand the available evidence 
is that both groups of bristles are under the control of poly-  
genic systems - in other words they are quantitative churctors. 
The ixperimonts. 
(a) The full—sib lines. 
From the sample of the Kaduna populution 32 groups of 
five pairs each were scored. 	Within each group of 
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five pairs the pair with the highest acore was used as parents 
of each line. 
From the progeny of uoh pair or line tines groups of 
five pairs were scored, and within each group the highest 
scoring pair was mated. This precaution of making tin., sub-
livas within each line was found to be of value because from 
the 2nd generation onwards a marked decrease in fertility 
occurred in almost all the lines. 
This breeding system and selection procedure wu followed 
throughout the experiment in 11 of the lines originally croated. 
From 11 other lines three sub—lines were similarly 
created in the first generation and from the progeny of each of 
two of these sub—lines three groups of 5 pairs were scored &uid 
the pair with the highest score was mated. 	inty—two lines 
were thus created, paired two by two and ruliited in origin, by 
being derived from the progeny of a single pair. Thereafter, 
the brooding system and the selection procedure, including the 
creation of three sub—lines per line, were exactly the mame as 
in the first group of 11 lines described above. 
(b) The .ass—mated lines. 
Is describing the.e line, we Lve to consider sight 
different group.:- 
1. The C/hubs. 
From the Kaduna population sawiile we moored t:o 
steruoplaural bristles of 25 pairo. 	.e ten pairs with the 
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highest score were mated. 
Three different lines were started C/i, C/2 and c/3. 
The mating procedure and the selection differential applied 
were the same in the three line, and were maintained until it 
was considered that response had ceased. 
2. 	The 8/lines. 
. single pair of flies was drawn at random from the 
Kaduna sample and mated in a vial. The progeny were trans-
ferred to a bottle. 	Iter three days of mess-mating and laying 
the flies were removed from the bottle and the bottie was kept 
In the constant temperature room. Un hatching the flies were 
transferred to a fresh bottle and again removed after three 
days of assiu.ating and laying. 	This procedure was repeated 
for three more generation.. in this way the progeny of the 
initial single mating were allowed to increase in a rand.m 
mating way for five generations. 
On the hatching of the fifth generation, 25 pairs of 
flies, the females being virgins, wore sacred and the ten pairs 
with the highest score put together in a bottle. As in the 
C/lines the procedure was followed until no further response 
to selection was obtained. 
Five different lines "re started: li/i, ti/., 	/4 
and 13/5, 
3, The /1iuua. 
As in the 13/lines a izlo pair of £lit wis 	6t 
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random from the Kaduna population and mated in a vial. iron 
their progeny a randomly drawn brother and sister were mated. 
From their progeny in turn another random brother—sister mating 
was made. Their progeny were allowed to multiply for five 
generation& and the technique used was the same as applied to 
the 13/line.. 
As in the B/line., the progeny of the fifth generation 
of expansion was used as the population to start the selection 
procedure, which was the sans as in the two provios groups of 
lines. Five •ojarta linoK woro started: /i, t/2 9 •/3, 
and /5. 
4. 	The D/and E/linee, 
These two groups of lines are ti.mt€  
as it will be shown, they have a coon origin. 
The U lines were started from the fifth euer.tion of 
expansion descended from the progeny of a single pair mating 
as done with the B/lines. liowever, instead of creating a single 
line a pair of lines were made: 	Two groups of 25 pairs were 
scored and within each group the ten highest scoring pairs were 
chosen is parents of the next Moneratiou of each line. 
The Ic/lines were started in the same fashion as the A/ 
line., out single mating followed by two full—sib matings and 
5 generations of expansion. But the first pair of full—sibs 
was drawn from the progeny of the single mating which started 
the U/lines, 
Similarly, Li pair of lines was started from each original 
41 ft 
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line. Two group. of 25 flies were scored and again the 
highest scoring tan pairs v,.ere mass mated as parents of the 
next generation. 
In doing so we produced pairs of lines related in origin 
not only within the same level of inbreeding but also between the 
two different level.. 
Of each group three pairs of lines were i&ds b/lA and 
0110, D/2A and 0/213 0 D/3A and D/3A and k/lA and h/lB. L/2A and 
B/20, I/3A and i/3B. 
The mating system and selection procedure was followed 
here as in the cuss of the t/, u/ and C/ groups of lines and 
maintained until it was considered that response ceased, 
5. The r/, u/ and G/lines. 
These lines were selected for low numbers of iiitles 
and this is the only way in which they differ from the lines 
described above. 
The F lines, of which three were made, F/i. P/2 and F/a. 
were started in the same way as the C/lines. 25 pairs chosen 
at random from the population sag* were scored and the 10 pairs 
with the lowest count used as parents. 
The Il/lines were started in to fifth goii:,,rution of 
expansion of the progeny of a singla .1-iir using the stie 	cie 
ftH for the u/ and 0/114e8. 
The procedure for deriving the G/lines was similar to 
that used for the A/ and E/lines. 	L)ne single mating was followed 
by two full—sib matings, after which five generations of expansion 
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were allowed to take place before starting the selection procedure. 
However, as in the case of the D/ and E/ line, each of the 
illinois has a corresponding 0/line because they were started fron 
the sane original single Rating, whose progeny were ultised in the 
following way:— 
On* pair of full-sib., randomly chosen were •atd and in 
the sequence they beoaas a G/liuea The renainder of the progeny 
were put in a bottle and they originated one of the H/lines. 
- 22 - 
IV. insus. 
(a) The full—sib lines (1iuros 2 and 3) 
Owing to the genetic peculiarities of Drosophila this 
aspect of the experiment is perhaps beat discussed in tome of 
the average of all lines. As is apparent from the graphs the 
rapid initial response was maintained for the first two or even 
three generations and this was followed by a slower rate of 
Increase in bristle number. 	esponse had ceased by the ninth 
generation although in some of the individual lines seletion 
was continued until the twelfth generation. 
It should be pointed out that no line had ceased to 
respond to selection before the fifth generation as was the 
case in Tantaw*y's. (1959) experiment. Moreover, in some cases - 
lines As 14, 25a and 2b - the response was maintained until 
the 9th, 10th or 11th generation as can be seen from the graphs. 
In every generation and in every line, after selecting 
the highest scoring pair in each of the three sub—lines, all 
the other 12 pairs were scored and sass—natid. Tia technique, 
without unduly affecting the precision of ,the results, allowed 
recuperation in any line which, as a result of low fertility, 
was in danger of extinction. 
Line number 8 yielded 	tady increase in str,11L1 
uwsabur until the 7th generation, 	Later, after failing twice 
through lack of fertility to produce an 8th generation, the line 
was kept without any further fertility problems until the 12th 
_ 23 — 
generation when it was finally lost. 
Line 14 showed a decline in mean number from the let 
to the 3rd generation and this was followed by a very marked 
increase until the 9th generation when it was entirely lost 
through infertility which extended also to the unselected 
mans-anted 12 pairs, 
Lines 25a and 25b, related in origin as explained in 
the previous chapter, behaved in a remarkably similar manner 
and it can be seen that only after the 11th generation was 
there a cessation of response. 	This similarity of behaviour 
helps to invalidate any supposition of outside contamination of 
the lines to account for the protracted maintenance of response 
which was somewhat surprising in view of the level of inbreeding. 
In analysing the variability of the lines, Fig.4, one is 
immediately aware of the consistanoy in the level of the vdrianoe 
within lines and the marked increase of the variance between lines. 
Theoretical considerations and experimental evidence would allow 
this prediction. 
The fact that the variance within lines remained constant 
In spite of the increasing level of inbreeding is a good indication 
of the additive nature of the genes controlling the character under 
selection. 	If recessive gongs were important and if they occurred 
in low frequency the variance within lines would be expected to 
increase with inbreeding up to an 1' value of 50 and then to 
decrease on further inbreeding. Robertson (1952). 	s will be 
demonstrated when considering the problem of scale the variance 
within liru 	iut, in fct, 	tVc been 	4ttj''U / r:u-1 
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observation which provides additional aupiort to the tioory 
that the genes controlling the character act additively. 
A further point of note is the regularity with which 
the majority of the lines reaching a relatively high caere 
either failed to leave any progeny it all or had their fertility 
grossly impairod. 	uiiis phenomenon has been found by a number 
of other Droi*op.;. : 	'urers. Mather and Harrison (1949) Clayton 
at &I.  
Lines derived from a single pair, and so related in 
origin, tended, in the main, to behave similarly in their pattern 
of response although lines 20/a and 20/b and 30/a and SO/b deviated 
markedly in this respect. 	however, in this latter pair in spite 
of the marked difference in score poor fertility was common to 
both members, a fact which was striking in the low scoring line, 
because decreased fertility was not a feature found in other low 
scoring lines. 
Lines 18/a and 18/b which behaved similarly, were lost 
through infertility at generation 9. No progeny were obtained 
from either of the ropljcv.tod sub-lines of each line or even from 
the mass-mated unselected 12 pairs. 
(b) the mass-suited lines. 
In describing the reaults obtained with those lines the 
order established in destiug with them in the previous chapter 
will bo followed. 
(1) The ,' jit 	(i t. 5) 
The response to selection in these three lines was 
25 
asintainod up to the 20th generation, but while in the c/i 
and C/2 lines the rate of response declined after the 12th 
genoration, the increase in C/3 was absolutely linear until 
the 20th generation when the line plateaued very suddenly. 
The corked increLIse noted in C/i and C/2 at genuration 
10 was possibly of an environmental nature. Theae two lines 
were discontinued after the 20th generation because they had 
inadvertently been crossed. 
The coefficients of variation for all the different 
lines are shown in Table 1. 	The sexes are treated separately. 
The trend In all the lines in both sexes was again quite wii1urn, 
and from an initial value around 10 - 11 in the beginning of the 
experiment the final values were around 8 - 9. L'he coefficient 
of variation of the C/3 lines showed, in both sexes, an Increase 
at the 12th and 13th generations for females and males respectively. 
This increase was accompanied by an increase in the rate of response 
to selection. 
It is interesting to note that the unchecked increase in 
score of line c/3 occurred in spite of a decreasing ooefflciout 
of variation, oseciaily after generation 14. 	In a simple model 
the approach to the plateau phase would be asyxtotio through a 
slow and steady exhaustion of genetic variation, The other 
possibility would be a sudden cessation in response due to the 
establishment of an unstable equilibrium, with a greater or 
smaller amount of genetic variance still present. As already 
pointed out, maintenance of genetic variance in the plateau 
phase has been shown in Drosophila by itoevu and Robertson (1053) 
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iud (Layton at al. (lI57). 
The genetic variance as measured by the coefficient of 
variation began to decrease alter the 14th generation although 
there was no coucomital redaction in the rote of response. 
The establishment of the plateau was sudden at gener-
ation 20, althougb the genetic variance had already been much 
reduced and possibly exhausted (Table 1). 
(2) 	The 13/ and V/lines (Figure. 6 and 8). 
In the preceding chapter the origin of these lines was 
described and it was shown that in thong when the selection 
procedure started the level of inbreeding within each line was 
25. 	The expected scattering of the lines as a result of chance 
fixation, duo to inbreeding can be seen in the rapha. 	But while 
the i/linea showed an increased average count of steruop.Leurals, 
which might ioi one to conclude non—additivity of gene Action, 
the0/lines showed exactly the opposite effect which by itself 
indicates bow important a part is played by the environment and 
how needless it is to invoke the above mentioned genetic phenomenon. 
In order to further clarity this point, the sternopliural 
counts made by Dr. harry Latter on the offspring of single-mated 
18 pairs of the Kaduna population, were analysed. 	The average 
steraoploiiral count of 17.36 in typical of the population whenever 
It has been examined for the character. 
On considering the lines individually one is immediately 
aware of 11/2 (Fig. 6). 
Tbis line not oui.y Ni*Owd, within the group, a greater 
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rate of respouse to selection and a higher final score than other 
lines within the fl/group but also, during the course of selection, 
presented two very marked recessions. The first occurred at the 
10th gonorution and was possibly due to contamination of the selected 
parents in the 0th generation. 	This, however, was of no great 
practical impurtauce. 	At genortion 9 the stornop1i.ural count 
of this line averaged around 20. At generation 10 in both sexes 
some counts of 17, 18, 19 and 20 were found. 
As selection was for increased numbers, the probability 
that there was an outsider" amongst the parents of the 11th 
generation was very slight and the possibility was disregardid. 
The second decline at generation 18 was certainly of an 
environmental witure, because it also occurred in other lines with 
$ high score viz: lines c/i and c/2, which were then at geioration 
8 after the accidental scoring referred to. 
The observed variance in this line was somewhat erratic 
and although a decrease in the coefficient of variation occurred 
in the last generation this line retained some variability. After 
12 generations of relaxation it was again scored and, as expected, 
the mean count had dropped from 32.74 to 24.40 with a coefficient 
of variation of 10.72 and 9.56 for females and males respectively. 
Line 0/3 also behaved in a somewhat unusual manner. After 
a regular Increase in score amounting to a total of six bristles 
during the first 14 generations the count declined for 4 generations, 
and during this period the improvement achieved previously was 
halved. 
The variability, however, reut&iued almost unchanged. ihe 
occurrence of these two 1ilionom.na viz: the decline in score in 
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spite of selective pressure and the almost unchanged variability 
are striking and it would be of interest to conduct a detailed 
genetic analysis of the line. 	Unfortunately it has not as yet 
been possible to do this. 
In the D/group the ijority of the.Ara of lines Li.tvd 
with some degree of similarity. 	Only the lines of the first 
pair (D/la and Dub) showed a marked divergence which cannot be 
accounted for by sampling, although the behaviour up to the 10th 
generation can be accepted as being identical. 
The 2nd pair of lines (D/2a and D2/b) eu be said to 
have a similar pattern particularly if considered in terms of 
final score, although one member (D2/a) reached the plateau five 
generations sooner than the othe. 
The two lines of the third pair (D3/u and 1x/b) showed 
an even more similar pattern of response. 
In this group of lines the overall increase in score as 
the result of the selective pressure in the initial generation was 
quite remarkable and this waii poib1y dui to the low scores obtained 
at the start of ei. experiment. 	This, in turn, was probably due to 
environmental influences. 
The coefficient of variation was low in all the D/lines 
at the beginning of the experiment which was not at all the case 
In the 8/lines. 
The variability behaviour of all the D/lines, during the 
experiment, was very regular and the final values ranged from 5 
t0 84. 
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(3) 	The A/ and E/line. (Figures 7 and 9) 
At the start of the selective procedure these lines had 
ft coefficient of inbreeding of 50. 
The most striking feature of some of them was the rapidity 
with wiiioh a selection limit was attained. 	In two of the line.. 
Ella and E/lb, the score at the fourth generation was not different 
from the final score at the 15th generation. 	On the other hit, 
some of the lines continued to respond to selection up to the 20th 
generation, 
In the A/group, line A/3 was lost in the 8th generation 
duo to infertility. 	This line showed from the start the presence 
of the gene hairy, and the flies selected in each generation were, 
preswaably, heterozygotos for this gene. 	The flies which were 
phenotypically hairy, were deliberately avoided, but the descrimi-
nation was not efiective against heterozygotes. This nay account 
for the reproductive failure in the 8th generation. 
In the E/lLnea the almost identical behaviour of the lines 
within pairs is Again ejuits easily seen in two of the pairs (E/la 
and E/lb, L/2a and E/2b) but a marked divergence is iioted.in the 
other pair - E/3a and E/3b. However, this pair, like the other 
two showed a similar pattern of decrease in the coefficient of 
vttri.stion, with the progress of selection. 
As explained in the previous chcier the lj aud 
were related in origin and each group consisted of 3 pairs of 
replicated lines. 
Fig. 8 and fig. 9 slow those two groups and it can be 
seen that some of the replicated pairs, related in origin either 
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within or between groups, behave identically while in other 
cases, the two members of a pair or the two pairs of coon 
origin behave quit. differently. 
(4) 	The F/lines. (iii. 10), 
Tlio rsouse to &3e1.ctit)n for eerc..d i 	1!o 	i&r, 
l tn less 1rLu4t t1L11 	e*11 'OlLCti2.] 	br 11 	dI IiULb(t Cl 
.turuupleurals, was maintained up to the 22nd generation. 
As with the C/lines, an order was loon established a&ioiat 
the Y/linos which was almost perfectly maintained during the whole 
experiment, a pntturn which is in agreement with the observations 
made by Clayton et Al. (1957) and which is quite easily verified 
in all the groups of lines produced in this experiment. 
All the lines of this group snow a reduction in variability 
which, in terms of the coefficient of variation, is of the order 
of 20 Table 1 • 	it can be seen that the variability of the linus, 
decreased regularly. 	In line F/3, except for a few minor overlaps, 
the males are consistently rather more variable than the females. 
(s) 	The H/lines. (Fig. 11). 
At the start of the selective procedure all the Ii/lines had 
an inbreeding coefficient of 25%, The scattering of the line about 
the moan value was found as expected. As in the case of the A/ and 
13/lines the mean value is higher than in the base population, 
An average response was maintained up to the 14th generation. 
Table 1 shows the coefficient, of variation of all the lines. 	It 
can be seen that within each line the males are more variable than 
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the females, a phenomenon which is particularly noticeable in 
lines a/i and 11/5. 
(0) 	The 0/lines (Fig. 12). 
The scattering of the lines as a consequence of the level 
of inbreeding F - 50) is very marked and again an increase in 
average score was found. 
The response to selection is a common feature of all the 
lines although, as expected, some have a more marked response 
than others. 
Although some of the lines do occasionally overla1,tho 
general ranUaig is obvious. 
The ft/ and 0/ lines, as explained, are relted in oriiu. 
It cannot be said that the behaviour of the pairs is very similar. 
However, in no case did a 0/line roach a better score than an 
It/line, a fact which falls within the expectations. 
As in the fl/lines there is a suggestion of 	thur 
variation among males than females although in no case is it as 
marked as in the a/i or 11/5 lines. 
Bridges and lirebme (1944) have shown, that in te X olirrnao-
some of Drosophila there Are at least 9 different loci occupied 
by genes with a recessive allele, which decrease or in some way 
affect bristles, 	It is possible that the effects of the segre- 
gation of such aiteles in the male may provide an expl nation for 
the observed greater variability. 
In none of the lines selo.te1 for increased numbers of 
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stornopletrals was there a similar suggestion. 	Neither the pales 
nor the females sees to be more variable. 
Table 1 show, the coefficient of variation for all the 
lines. 	The coxes are treated separately, because, with very few 
exceptions, the sex difiereuce was narked and constant. 
Table 2 shows the ratio of female to male score at iive 
generation intervals. 
Table 3 shove the realised heritttbijitioa of all the Li*as. 
For each Line the overall heritability as well as the heritsbilitie 
for successive periods of five generations each, were estimated. 
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V. SCALE. 
(a) genetic variation. 
In Fig. 14 the average response to selection of all 
the groups of mass-iaat.d lines is plotted. 	The degree of 
asymmetry Is so marked that it was decided to plot the same 
values on a log souls, Fig. 15. 	In so doing we found that 
we had in fact produced a greater change in the upward 
direction than in the downward and in terns of final r.sponae 
the degree of asymmetry is such less marked than on the 
arithmetic scale. 	a remaining asymmetry in the log scale 
is perhaps a reflection of different frequencies of the genes 
responsible for the change under selection. 
The results, apart from anything else, show the 
inadequacy of the aritbaatic scale in representing the genetic 
progress achieveu by selection. Furthermore we must bear in 
mind gather's (1949) warning to the effect that 'the replacement 
of A for a or B for b in any genotype and under any set of 
environmental conditions should make the same difference, no 
matter what the measurement atisociiated with the original geno-
type and conditions might be". 	it was therefore decided to 
try to measure the effect of a given gene substitution on 
differing genetic backgrounds. 	This was possible by virtue 
of the fact that the bristle character is almost entirely 
under additive genetic control. 	Clayton eta)., (1957) 0 the 
hetorosygotes being approzimtciv intermediate .Lad there being 
no evidence of spistasis, 
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To achieve this ala two ways were Open. The first, to cross 
a visible dominant gone with an effect on the chritcter iz).tO 
different long selected lines. 
This technique, however, doesn't stand up to a critical 
Judgement, because the comparison of the effects of segregation in 
different background I. only vulid if the alternative allele to the 
dominant marker gone is the same in all different backgroui, 	jd 
this Is certainly not the case. 
The second, making use of the absence of crossing-over in 
Drosophila males, is to compare, instead of the effect of a single 
gene, the effects of two chromosomes upon the mean of the character 
in different genetical complements, i.e. when the other chromosomes 
are vdried. 
To do this the dominant gene "hairless" was crossed into 
a low line (IF4 ) which had ceased to respond to selection for 
decreased number of •ternoplourals. 	By repeated back-crossing, 
using the low-line raales on the heterosygote for "hairless" females 
(the homozygoto hairless is inviable) the dominant marker gene was 
gradually built up on the background of the low-line third chrome-
some. 	.ftur JO generations of back-crossing, bvtsrozygote males 
were mated to females of the highest eternoploural line that we had 
available (c/3 /5). 	From the progeny of this cross, hairless 
males were collected. 	rie third chromosome of these mules came one 
from the very high-line and the other from the low-line into which 
they had been back-crossed, i.e. the gene "hairless" which itself 
depresses aternoploural bristle count. 	Because there is no 
orosaingover in the males these two chromosomes will then 
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segregate is units. The presence of the marker gene (abs.n.e 
of the post—vertical bristles and interruption of the 5th longi-
tudinal wing vein) allows the measurement of the effects of this 
chromosomal substitution in any background by crossing the males 
to different selected lines. 
The segregating males (their 3rd chroroine being one 
C/3 A/S and the other L14/L1 whore crossed to four diff erent lines. 
Two of them being the two extreme lines (C/3 A/S and Lf4) 9 the 
remaining ones having no genetical connection with the two lines 
constituting the cross e xcept that they came from the cams bass 
population. 
The results are shown in the following table, in which the 
mean scores for wild type and hairlosH flies are given for the 
whole series of crosses dons. 
Cross 
	
Uai risc. 	wild type 
	
iIi l~46  
(c/a 	./5 )/UL xF1112 . 17 
	
17.02 	.53 
N 	xH2 	13.55 
	
20 . 78 	• 51 
x HN 	17.69 
	
32.20 	.44 
N 	x (CA zM) 24.54 	47.50 	• '1 
XL14 	11.58 
	
17 . 26 	.50 
X. 	X 11/ 4 	14.49 	23.01 	• 1) 
Any experimenter with Drosophila familiar with st.rnopLeurals 
is awro of the cxi st•ncs of two different groups within the area 
occupied by these bristles. Ttree of th, on either side, usually 
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the more dorsally situated, are almost invariant to selection pressure 
especially when selection aims at decreased number.. 	For that 
reason the actual counts obtained in scoring the wild types and 
hairless flies have boon reduced by siz, 	it can be seen that 
after the subtraction of the six invariant bristles the effect 
of the chromosomal change, is the sane or alst the seas in all 
the crosses. 	The effect of the low "hairless" chromosome compared 
with the high scoring third chromosome is to reduce the number of 
bristles by a factor Just below one half. 
The oouetany of the proportional ofiect of a b iveu 6 ouetia 
substitution in difierent backgrounds is good and clear evidence 
that the correct scale for the consideration of gut' - tic vrinco 
is the logrithmio one. 
It should be ew1 iiaeiaed that there is no uvideizo ci itor-
action between genes at different loot, 	But this constancy of 
proportional effect of a given genetic substitution in different 
background. Is no more than a regular pattern of interaction, 
However, it meows that this form of interaction is only important 
when there is a wide range of variability and again only in that 
,,ituation it is possible to investigate it. 
(b) Non—aunetic varjtLan. 
During the whole of the experiment the left and riht 
sides of each fly scored were separately recorded. 	In this way 
and as a by—product of the experiment, we had available data 
pertaining to bilateral asymmetry of stornopleural bristles of 
46 different lines. 	£i&o raiu of bristle count between the lines 
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extends from 10.5 to 52.4. 
The measure of asymmetry used was the mean square difference 
between left and right sides, V - (L - R) 5/n as defined by Mather 
(1953) (where a - number of flies) or Jiv (d 5 ) in the nomenelature 
of Reeve (løoo) or 02 
D 9  the variance of the difference following 
Clayton et el. (1957). 
In order to increase the accuracy of measurement the within 
line data of the last four generations were pooled. 	In this way 
the number of flies contributing to the determination of each point, 
for the two sets of lines (i.e. full—sibs and mass-mated), 'ore 60 
and 100 respectively. 	The sexes were treated separately. 
The points obtained for each line and the corresponding 
level for total count can be Seen in Fig. 10, which also show 
the calculated regression lines. 	Thea• latter oalou.lationi are based on the 
assumption that there is a linear relationship botwasu the varinoe of 
the difference and mean and not with the square of the mean. 	As 
aspect will be discussed later. 
The deviation of each individual point from the eorra.od-
ing regression line was calculated, in order to test whether there 
was any tendency to increased or decreased asymmetry within the 
generations or the linus. 	Jeering in mind, the differential 
breeding systems used duriu,, the seluction process, the two sets 
of lines were analysed separately. 	The analysis was done for 
both SeXes. 	The reults are given in the following table. 
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1?uUsib—lines males 
Between generations 	3 	1.495 	0.498 
U,tw., lines 	 32 	48.764 	1.523 
Residual 	96 	131.718 	1.372 
Total 	131 	181.971 
Mass—meted li nes, males 
Between genurations 	3 	3.188 	1.088 
110tween lines 	 12 	10.486 	0.872 
Lesidua1 	36 	18.113 	0.503 
Total 	81 	31.747 
Full sib lines. jeaaloi 
Between generations 	3 	8.121 	2.707 
Between lines 	 32 	40.514 	1.266 
Residual 	06 	110.076 	1.153 
Total 	131 	159.309 
Maca—mated lines, females 
Between generations 	3 	1.303 	0.481 
Between lines 	 12 	7.347 	0.012 
Residual 	36 	45.090 	1.252 
Total 	 51 	53.790 
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To check whether there was any consistent positive or 
negative deviation between lines the average deviatiuns of both 
sexes for each une were added. 
The analysis of these data did not reveal any trend, as 




' 	l.1 A... • 	 • .J 	 .-. 
Between line 	 32 48.512 1.510 
Line sex interaction 	32 	49.394 1.43 
Aiaps mated lines. 
between Line 	 12 	4.697 	0.391 
Line sex interaction 	12 	0.942 	0.078 
The data pertaining to the selection experiments with 
aternita.l bristles done by Drs. Clayton, Morris and Robertson 
ware n.do available to us. 
The sane method was applied and the results are presented 
In Pig. 17. 
On this evidence it can be said that the variation of 
sternoplauxal counts between sides of the fly or the variation of 
stornital count between adjacent segments clearly follows the law 
of proportionality to the sean nunbor of viXeotivo bristles,, and 
theoretically it can be aau.ued that this is the expectation. 
Titers is good evidence presented by Reeve and Robertson 
(1954) and Clayton, Morris and Robertson (1057) that the non—
genetic variation both of aternital and of sternoploural bristles 
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is not truly environmental in origin in the sense that it doss 
arise from the effect of an external environment on the individual 
animals. Almost all the non—genetic variation observed in a 
random breeding population can be accounted for as differences 
between adjacent sternites or between the two sides of the fly. 
The variation is then specific to the individual aternito 
or to the individual aids of the fly and can be considered as due 
to some kind of error of development. 	This vIriance has been 
given several namest chance of stochastic variability, 1t.evs 
and Robertson (1953), developmental error, Clayton St *1 (1987) 
and by analogy with electronic jargon, "developmental noise" 
Waddington, Graber and Wolf (197). 
Is there any a priori reason to choose one particular 
scale rather than another in dealing with this type of vuriability? 
We would point out in this context that we are dealing 
with the counting of individual objects and not measurement, of 
some metric character. The variability in bristle counts between 
eturnites can then bo considered as due to two factor.. 1iriit, 
at a molecular level, differences between sternites in the con-
ceutztition of bristle—producing substance (whatever that may b.) 
and secondly on the regularity of the pattern of the bristles 
produced, 	it is this latter aspect of the question that we wish 
particularly to emphasis.. Let us suppose that in the adjacent 
atornitea the concontrutione of bristle—producing substances are 
the sams, that bristles are squally likely to be produced at any 
point in the available surface, and finally that there is no 
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interference between them, that is to may that bristlis are 
scattered at random over the available surface. in this situation 
we would then expect that the distribution of number of bristles 
per aternite or per aid, would be Poisson, and that, if our index 
of variability was the squared difference between adjacent sternites, 
or between both sides, we should then find that the variance of the 
dill crones was equal to the sum of the bristle counts on the two 
aternitee or both sides, 	flut, in loot there is interference 
butweon the bristles (aternitala or steruoplourals) and we do not 
find that they will occur very close to each other. 	If the pattern 
of bristles was extremely regular we should then expect to find little 
or no variation In bristle counts. An example of this is of course 
given by the major scut.11ar bristles which have a perfectly regular 
cit to Intermediate case 
:•c 	 it is extremely 
difficult to give a theoretical discussion of this situation in two 
or three diiniiopa, but the problem has been discussed in one 
dimension by Owen (1949) in treating genetical interference. He 
was thou dealing with the problem of the distribution of chiasmata 
in a given length ci chromosome and was defining the problem in 
terms of the distribution of the distance between crossover points 
on a ohromutid, He was able to show that in this situation the 
variance of the number of chiasmcta in a given length of chromosome 
would be proportional to the average number in that segment, and 
that the constant connecting the two would be the squared ooef.firipnt 
of variation of the distance between adjacent crossover point.., 
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Here we have a precise re—statement of what was said earlier. If 
there is no interference between crossover points and the chance 
of occurrence of the subsequent crossover is independent of the 
distance from the previous one, thou it can be shown that the 
variance of the distance between adjacent crossover points is 
equal to the squire of the mean distance and this Is the situation 
In which we expect to find a Poisson distribution. On the other 
hand, if the distances betwsøn crossover points are always exactly 
the sane we shall expect to find no vnrianoe of the number of 
points in a given segment. 	It is extremely difficult to extend 
these results into two dimensions. 	It can, however, be seen 
qualitatively that some la, like this must apply in order to 
satisfy the rule of the additiveness of variance of the rawab.r of 
points in two adjacent areas. What we then menu by regularity of 
a pattern will be measured as the shape of the distribution of the 
distance from a bristle to its nearest neighbours.-lie average 
number of briatlee in the area will then be d.pendoiit on the 
average distance to nuarost neighbour., and we should expect 
selection to have an sheet on this and not necessarily on the 
shape of the distribution curve. 	Thus, if non—genetic variation 
is all of this kind we should expect that the moan squared difference 
between the stornopisural counts on the two sides of the fly should 
be a constant multiple of the mean count. But, in the case of 
:actv
tornopleurals however, we must take into account the observed 
 already mentioned, that three of the bristles on either 
side of the fly are different in kind from the others, so tiat 
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the effective mean from our present point of view will be the 
actual mean minus 6 	To the extent that difference between 
segments or between sides of the fly are actually due to difiereuc.s 
in the coucentration of bristle—producing substance or perhaps to 
difference, in the area on which the bristles may be formed one 
might expect that the variance due to these causes would incree 
as the square of the mean number of effective bristles. 
Experimentally the problem Is not easy to tackle b.cause 
If one alters 
some points o 
For instance, 








Of the population one might expeot from 
be affecting the degree of variability. 
are genes controlling variability then we 
of the extremes of the population to increase 
gone., aud therefore to Increase the inherent 
Bearing in mind the possibility that the k3electLon ray 
Increase this variability we can, hoiver, from the data presented, 
Fig. 16 and 17 0 accept the existence o the strong proportionality 
of mean and variation of the difference. 	In the initial population 
in which the number of effective bristles (mean - 6) concerned was 
11 the moan square difference of the two sides was close to I.B. 
In the very high selected line with an effective nuabor close to 
47 9 an increase by a factor of 4.4 0 and the mean square difference 
found is 'very close to 7.5. 	This is vary close to what we would 
expect if the variance was proportional to the mean and certainly 
very strong evidence against the variance being proportional to the 
square of the mean, 	If this was the case the expected variance 
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in the high lines would be around 30 units, which it quite 
certainly is not. 	The lowest point found, corresponding to 
the lowest line produced, in which the mean over the past few 
generation. was Just below 5 effective bristles, was of the order 
Of O.B. 
The evidence avaUetble from the e3ternital counts (Fig. 17) 
is at least as strong although there was an apparent chauge in the 
situation in all the down selected lines in that once their mean 
had passed below a certain critical value the variation suddenly 
increased greatly. 	however, provided we remain above this critical 
value (below 15) again we find a clear proportionality between 
total count and the variance of the difference between segments. 
Two facts should be pointed out. 	First, this critical 
value, below which this proportionality of mean and variance breaks 
down is parallel with morphological disruption of the flies as 
reported by Clayton et al (1957). 	Secondly, it is interesting 
that the proportionality constant is the sums in the case of 
aternoplourals and sturnitals, provided, with those we remain 
above the critical point. 	This is presuizitbly a reflection of a 
siailu.r regularity of pattern in the case of the two sets of bristles. 
And although no Apparent connection exists between bristle pat.rn 
and ovorioles, it is whorth while to quote Reeve (1950) Mwe  may note 
in passing the curious toot that storuitee with twenty cbaetae and 
ovaries with twenty ovariolss ebor almost the same variance due to 
chance effects, but whether this reflects any fundamental similarity 
In the casual f.otors underlyig the variation it is not '.y to 
decide. 
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The evidence presented, both practical and theoretical, 
does eugest that in considering Drosophila bristle counts, 
abdominal and eternopleural, the correct scale for the discussion 
of genetic phenomena is not the correct scale for the discussion 
of the non-genetic variation. And this fact is a confirmation 
of Mother's (1949) prediction that it may be impossible to find 
a code which will adequately make additive the variation due to 
genetic and non—genetic causes. 
This fact is perhaps the justification to a somewhat 
pussliug situation found when comparing the results obtained in 
selecting for bristle number, La both directions. The heritability 
tends to inoreabe in the early gs4wraitions of selection to inareasid 
numbers and to decrease when selecting downwards. The different 
ecallar effects on genetic and non..gouetio variation may be the 
cause of this. It we select upwards the effects of the genetic 
segregation will be increased to a proportionately gre;t.r extent 
than will the noniigenotic variation and the heritability will increase, 
and the reverse will apply to selection downwards. 
Fig. 13 shows the realised neritabilitie. of C and P groups 
of lines. y plotting bristle number against the oumultive selection 
differential it in possible to visualise in any line at any generation 
the realised heritability as shown by Falconer (1953). As pointed 
out and in the initial generations the trend in the down selected 
lines is in the direction of dininuition and invet.'ely for the 
lines selected for increased numbers. 
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VI. DISCUSSION 
The method followed in the presentation of the results 
was to point out discuss and,whenover possible, interpret, at 
the Level of single line.. 	flute we shall make a broader survey 
of the main findings and if possible goneralise at the level of 
the aims for which the experiment was designed. 
Bearing in mind the astuaptiona put forward in the 
introduction it can be said that the results are in relatively 
close agreement with ozpeotLttion. 
In coasdering the inbred lines is is a temptation to try 
to detormiae what part of tbw divergence between lines was duo to 
drift, Wright (1031), and what part Was played by mechanisms of 
drift—reinforcement, ¶VaddLnton (1957). 	The concept of drift, 
Postulates chance fluctuations in gone frequencies, leading in 
some oases to chance fixation or elimination of genes, through 
random elimination of gametes. 
The variance due to drift for a single gene has been given 
by Wright (1931) as 
& 
- q(1—q)/2N 
Wright (1951) has also indicated that if the system of 
mating is one of subdivision into strains (or lines) with internal 
random mating then the average variance within them, that is the 
additive genetic variance, tails off by the proportion of F, the 
coficiunt of inbreeding becoming (1.4) O, and the variance between 
such stratus becomes 21? 
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Thus the variance between lines can be taken as n estimate 
of the amount of drift v,riance providing it can be assumed that 
there are no environmental effects peculiar to one line and not 
to another. 	This variance component "between line." could be 
calculated for any given generation and equated to 27 
This would provide a value for F, on the basis of data 
obtained in a randomly propagated series of lines. Although this 
coefficient of inbreeding can be calculated by the use of the formula 
given by Wright (ivai) 
SU 	BY 
where U and If are the actual Luethi.re of a.alea and females, the 
differential reproduction ability of the parents is not accounted 
for by the formula, and the result is not necessarily true. 	For 
Drosophila, Crow (1954) has shown unequal abilities of egg—laying 
and mating for females and males respectively. Its found, in 
Drosophila experiments that the ratio of the effective number to 
the actual number is 0,71 for females and 0.48 for males, 
However, for other species it the drift variance could he 
estimated with reasonable accuracy, then it would be possible to 
have an estimate of the amount of inbreeding actually produced 
during the process of line derivation. From the P value so 
calculated an estimate of the effective number of parents in the 
lines would become possible. 
From the data collected during the experiment iu'v, &ving 
the full—sib lines it is possible to calculate the expected drift 
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variance at any generation and to oeapare it with the observed 
data. 	The difer.noe between then would represent the effect of 
selection in reinforcing the natural drift oucurring during the 
propagation of the lines. Those results are given below, for 
both sexes at generation 3 and 10. 
Generation 
3 	10 	 3 	10 





4.237 	7.843 	3.255 	0.020 values 
We were rather fortunate to have availe the data for 
full-.sib lines produced by Dr. Barry Latter, as mentioned in the 
results. U. produced 18 lull—sib lines which ware propagated on 
an entirely random process. At the third generation with an F 
value of .5 the value found for the component of variance between 
lines and pooling the sexes was 1.69. This figure is in remarkable 
agreement with the theoretical expectation and so it is legitia&te 
to assume that the difference between the observed and expected 
values in the above table provide a good indication of the 
effectivouesa of celeotion in ruiniorcing the natural drift 
produced by sampling and enlarged by the random—elimination or 
fixation of genes from one generation to the next, 
In discussing the sums—mated we shall COuooutrutO our 
attention on the *fleets of restriction on the population sice 
on average response on the ti1tia*to limit and the aaywotry of 
reaponso. 
- 49 - 
Whether the average reponse to selection is appreciated 
in Fig. 14 which Is an arithmetic scale or in Fig. 15 which is a 
logarithmic one, it can be aeon that the observed responses (up 
to the 5*1* or 7th generations are, in terms of between group 
comparisons, in close agreement with expectation. 
In the down selected lines the agreement maintained for a 
Larger number of generations, It can be said that the agreement 
at the and of the selective procedure in tics lines is fairly good. 
The calculation of the expected response to selection is 
bused on the following formula: 
as 	Th'ci(l—F) 
in which T is the intensity of selection in standard deviations, 
the standard phenotypic deviations, h 2 the heritability of the 
character and F the coefficient of inbreeding. 
Lines of groups C and F, eta1ng from the base population 
are assumed to have an F value equal to acre. 	Lines of groups I 
and D in the up selected lines and group ft lines in the down 
selection having passed through a single—mating during the creation 
of the hue, have an F value of 2574. The lines of groups A. E and 
0, however, buying liaised through a single mating followed by two 
full—sib iaatings bad, at the start of the experiment, an F value 
of 5074. 
Although as previously pointed out, the agreement between 
obeervation and expectation in terme of level of response is doss 
up to the 7th gozacration in the high lines and up to at least the 
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12th generation in the low lines, it is nevertheless of interest 
to consider the situation in terms of a time scale, i.e. what is 
the effect of the bottlenecks in reducing the numbers of generations 
to roach the limit? 
Robertson (1960) has shown th4t the number of generations 
to reach the limit, or the time scale, in directly Proportional 
to N (the effective population size). A. such, this question is L.Ot 
answerable until some effective method of determining the awiber of 
genes affecting the character under selection and their respective 
gone frequencies is found. 	Even then, linkage problems pl.iotropio 
effects and interactions will be a source of interference with any 
simple model or theory. 
And the questiozi 	ouly . shot 	werable but alst iis 
meaning, at least in oonsiderig the practical application., 	The 
approach to the limit is asymptotic and so is perhaps more useful 
to ask what are the effect, of the bottlenecks in reducing the time 
taken by the mean gene frequencies in reaching half—way to the limit. 
Robertson (op. Olt) using a physics analogy has put the question 
"what ic the half—life of the selection process?" and has shown 
that with low values of NS (N being the effective sue and S the 
selective advantage) the half—life will probably by between N and 
ON generations. And further he showed that if the half—life of a 
selection programme is reached well before the range of N to 2N, 
expected when the chance of fixation is not high, it is possible 
to assume that all desirable alleles have been fixed. 
From Fig.. 14 and 15 it Is possible to ascertain the number 
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of generations required on average, by each group of line, to 
reach 11/4  of the total progress wade, it took 13 generations to 
the 3 lines of Group C to wake 3/4  of the way, 9 generations to the 
11 Un.s of groups B and I) and 8 - 9 generations to the 11 Un.s 
of groups A and .. in the down selected line, the picture is 
almost identical. it took 11 - 12 generations to the lines of 
group P to make 3/4 of the total progress and around 9 generations 
to the lines of groups B and 0 to reach the s..• point in their 
response, This identity of of teat of 1 or 3 restrictions in the 
time seal* of the selective process to also present although not 
so markedly in terms of level of response. This in hot is the 
expectation. Ax pointed out in the introduction the first 
restrictive mating is the most powerful agent in effecting pxa 
frequency changes or genetic changes by loss. And the lower the 
initial gene frequency, the greater will be the chance for a gene to 
be lout from the population stes by a reduction in sic. (Robertson 
loo). 1'1e extent to which the selection limit will be affected by 
varying degrees of population restrictions and by varying initial gene 
frequency is discussed theoretically. 
Since in the present experiment we have no direct information 
concerning either the effective number of genes inmived or their 
frequencies, the material is not ideally suited for a critical test 
of these hypotheses. Nevertheless a comparison of the s.1e.tien 
limit of the n/ and A/roups of line. (which were subjected to 1 and 
3 restrictive mating respectively) and a comparison (which is 
possibly more valid) of the paired lines of groups D/; B/ and U/; 
G/ give the impression that the frequencies of the genes involved 
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are low. The differential effects of one and three restrictions 
were small in all the lines which were paired in origin. A 
similar tentative conclusion can be drawn from a comparison of 
the selection limits encountered when no restriction and one are 
imposed. 	If, according to Robertson (op. cit) the gene frequency 
lies between .3 and .5 a single restriction of parents to one pair 
reduces the potential subsequent improvement te 50 of the obtain- 
able from the base population. 	in Figs. 14 and 15 it can be seen 
that the average response of the lines on which a single pair 
restriction w* Imposed is half that of the unrestricted lines. 
In the presentation of the results an analysis of the 
variability of the Lull sib—lines (Jig. 4) showed that the genetic 
component of variance within lines (0a,)  apparently remained 
constant in the feMales and decrvaaed slightly in the males. 
liowever the application of a suitable scale transformation eiuw 
that the mean square difference between left and right stornoplaural 
counts (i) is directly proportional to total count. 	At such it 
In p.*hap. legitimate to suggest that a was in fact reduced. 
In the following table the values for moon count, 0 
for the original and 10th generations are given, 
Mean count 
geurstion 	9 	d 	2 	d 	2 
	
0 	11.66 	17.17 	3.5 	4.5 	1.278 	1.782 
10 23.76 22.825 3.65 3.8 3.401 2.417 
Although the evidence given in the chapter dealing with 
scale suggest that the appropriate scales for genetic and hanotypio 
- 53 - 
values are not the sane, the temptation to make a straight 
comparison of the values of 	and 0 at the two level. (generation 
o and 10) is rather strong. 	It has been shown Clayton at al, 
(1057) that d o makes up for almost all the non—genetic variation 
observed in analysing stornopleurel or abdominal brieti's of a 
random—breeding population of Drosophila, and accepting this Last 
the obvious conclusion is that the genetic component of variance 
within lines (a) did decrease with the progress of the selective 
procedure. 	In fact if the comparison can be made it is possible 
to say that in the females all the genetic variability within lines 
was exhausted. 	In the male. ;though the comparison would give 
an indi.itiun of a substantial reduction (around 50 of the 
original value) the conclusion points again to the larger variability 
of the nab., which as said in the "Results" it is perhaps a 
reflection of the buffering of the females afforded by the presence 
of two X chromosomes as opposed to the hasysygotia condition of the 
mains. 
Ilefore any generalization is attempted or any practical 
conclusion drawn, the low repeatability of the replicated lines 
should be emphasised. 	Soon after the start of the selective 
procedure the lines showed an individuality which in reflected in 
the pattern of response in variation, ratio of female to sale score 
and in some cases by the posible presence of lethal genes. The 
presence of lethal genes was suggested either by infertility or 
by a plateau phase in conjunction with a high residual variability. 
The small number of chromosomes and the absence of crossing- 
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over in the male are strong causes of inflation of the divergence 
and lack of repeatability of the lines reported in this experiment. 
It is not easy to allocate the observed divergence into the causes 
specific to the genetic constitution of Drosophila oAd the more 
general possibility of multiple alloli.m. 	This difficulty does 
not in any way lessen the need of an experimental approach to the 
problem which arose in interpreting the results obtained, and which 
essentially is the not new but basic question of how to properly 
sample a base population. 
The comparison of the results obtained in the full—sib 
lima with the ones of the mass—mated lines suggest that a useful 
approach would be to create a very large number of small lines to 
select the best, cross the., and from the progeny obtained restart 
the process over and over again. 	In Pig. 4 the variance components 
obtained from analysing,the variability of the full—sib lines are 
plotted. It can be seen that the component of variance between 
lines reached a maximal value at the sixth generation. On the 
other hand the rosponse to selection of the same lines Fig. 2 and 
Fig. 3 show that by the third generation the divergence is already 
marked. Considerations of time—saving would advocate the crossing 
of the line, chosen to be maintained in the process of building up 
the useful genetic material at that third generation, Dealing 
with sturnopleurala, where at least OO of all the genetic variance 
Is additive one would be entitled to disregard the lines with the 
worst performance and to use only the best ones, 	In sternopl.urals 
there is a) suggestion of special combining ability, Dell W1 &I l9. 
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In considering the crossing of the selected lines two ways are 
possible, 	To make a deallelic cross, including the reciprocal., 
or also to wate at random representatives of all the selected lines, 
allow for one or two generations of expansion with random—mating 
and restart the selective process from the now gene pool so formed. 
and so on. In short a funnel—like operation to bring together all 
the useful genes. 
From a series of crosses ot the highest—scoring mass—mated 
lines developed during the exoriaeat, Line. C/3, 0/2 and A/5, we 
have evidence that the average number of sternopleural bristles 
of both sizes can be increased to 52. Some females were found 
with a score of 61 bristles, 	in tons of standard deviations the 
tivurtge bristle number of tdc base population was increased by 
20.04. 	No further crosses were made in order to test whether this 
could could be further increased or whether it was a reflection of 
a physiological limit. 	The indication afforded by the smalln.ss 
of the coefficient of variation of the line with the average of 52 
bristles points to a limit evolved  by exhaustion of genetic variation. 
This aspect will have to be tested. 	However, a limit or not, it is 
a target which through mans—mating wag reached after 40 generations 
of selection. How many generations will it take to reach the same 
point using the programms of sub—division into a large number of 
small lines and crossing? 
T1&is is a practical question which can be tested by considering 
for instance line nuz3ber U. Pig. 2, which is a full, sib line, and c/3, 
Fig. 5, which in & mass—mated ilie. 	flo first reached the count of 
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27 sternopleural bristle, by the second generation - an Increase 
of 10 bristles in two generations, and after another 4 generations 
plateaued at a count of around 30. Line c/8 reached a count of 27 
only after the 8th generation, but the response to selection was 
maintained up to the 20th generation and at that time the average 
count was 43 bristle.. 
Would it have been possible to increase the available 
genetic variability by crossing line number 0 with some other line 
and thereby raise the selection limit? 
To what extent could the process be advantageously repeated 
or, conversely, where would the reconstitution of genetic variability 
by crossing (for realiuing a subsequent selection response) cease 
to be effective? The limiting case would be when there is bomo-
zygosity both within and between lines but it In highly unlikely 
that such a situation would occur between replicates of selected 
lines unless a very severe bottleneck was imposed at the outset, 
an eventuality of doubtful practical probability. 
Although Drosophila physiology is very far removed from 
that of domestic animal, there is no reason to suppose that the 
genetic meohanibas are markedly different and so an extrapolation 
is perhaps legitimate. 	In ooa.roial poultry brooding it is 
already an established practice to create a large number of lines, 
the number depending on the facilities available, and to test then 
for some desirable characters. 	This subdivision and crossing is 
the basis of selection progre aimed at the iarovetaant of 
crossing ability. 
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How efficient would be a funzsl—liks operation in 
sampling an unselected population of domestic auiaals? It is 
possible that this Is a problem of more than just academic interest. 
It is legitimate to assume that the sampling of unselected populations 
of domestic animals or unimproved varieties of cultivated plants 
can yield genes which could be advantageously used. In the symposium 
In statistical genetics and plant breeding held in Raleigh, North 
Carolina, the idea of testing for the existence of useful genes in 
wild varieties of Andean maize and to cross them into highly selected 
strains was suggested, Comstock (private comounication by Dr. Alan 
Robertson). 
However the r.sorvtjon must be made that this approach 
is not intended to be of general uae, 	it will perhaps be useful 
when dealing with characters on the hiki side of the heritability 
peotrum. Characters which through the evolutionary history of 
the species have been in some way connected with fitness and for 
that reason are in the sztrami low side of the heritability spotrum 
are quite unresponsive to selective pressures, cmos developmental 
buffering will conceal a grouter part of the gene—activity, Waddington 
K 11 those circumstances it was suggested, Waddington (oi, cit) 
that a uiul approach would be to break down the buffering system 
either by a powerful environmental influence or also by the intro.. 
duotion, into the stock to be selected, of some genes not characteristic 
of the original wild population. The idea is to de—stabilis• the 
developmental pathways so that the resulting end—products are more 
variable in many different characters. 
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SJRY AND COUU8IOIS 
An attempt has been nede to experimentally tuvestigate the 
effects of restriction on the population also on  the  ultimete limit 
of selection through chance fixation. 
The characters used for this study was the number of 
sternopleural bristle, of Drosoulitip me1tnoge.ter, 
The investigation wassub—divided in two main parts, viz, 
full-sib mating and selootin and aaas.-.oting of selected lines. 
The full—sib line. numbering 33 were all submitted to the 
same mating and selective £*'ocedure. 	Within each line, five pairs 
were scored and the best pair was allowed to mate, On average, the 
selective pr.00dure lasted, for each line, for 10 generations. 
In the mass-mated lines and in order to measure the eli cots 
of restriction on the population size, three different values of P 
(tos coefficient of inbreeding) were created (no inbreeding, 2fl 
and 50). from each of theee points a number of lines were started, 
6 from the bass population, without inbreeding, 3 selected 
for increased numbers and 3 in the reversed direction, 10 with 
an F value of 25k, 11 for increased numbers and 0 in the reversed 
direction. 	10 with an F value of 50, 11 for increased numbers 
and 5 in the reversed direction, 
In all these lines, the mating system and the selective 
procedure was the sane, ithin each line 25 pairs were scored, 
and the 10 pairs with tOm best count in the direction of selection 
wore mated. 
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It has been found, at learnt in experimenting with DTQRDhiIa, 
that the effect of chance fixation needs to be accounted for. 
Fran the results obtained in selecting the different groups 
of ass.msted lines and in comparing their average responses two 
main iaplleetions were gathered, 
1. The effective genes au.t hwe a frequency of around 3 or 1. 
2, 	Jha effect of the first restrictive eating or bottleneck to 
by far the nore Important in affacting the cubic l uout repona* to 
selection. 50 of the possibie rss 4rnnea of the bass population is 
lost when a restriction to a single pair was aide. 
Dy analysing the data of left and right counts of atoruopleurala 
It was found that the bilateral azyistry is a direct function of total 
count. On the other band, a genetic substitution in sifferent back. 
grounds revealed a constancy of proportional effect, i.ee two fast& 
indicate that the ecales for consideration of genetic and non-g.iatie 
ph soon ei, are wt the sane, 
It is suggested that a fmal-likia operation of sub-division 
In snail-lines and oraiag, is a good approach to the genetic 
sampling of an uriaclicted population and that it can be used as a 
tool to pronots a sore rapid inproveaent, at least in such characters 
as those with a high heritability. 
Goetficisnta of Varidi. 
Lin.. 	CA C/3 	:V1 	t/2 	3/3 
2 




6 	9 	6 	9 	6 	9 	6 
Gejw 3 9j, 147 9,9 9.0 9.2 11,6 10.9 10.0 8.2 10.4 10,9 13.3 10.9 11.9 11.4 10.7 
1 9,5 7.5 10.4 12.0 11,1 9.6 10.7 8.5 8,4 9.9 9.0 144 996 11.6 7,2 11.4 
2 905 1067 12,1 8.4 12.4 12.8 10.7 9.6 7.8 13.6 14.3 12,9 9.9 11.0 8,7 8.5 
3 12.2 11.0 10.4 8,8 lu.4 9.7 6.3 9.9 8,6 11.7 11.4 10.2 12.7 11.1 8.2 7.8 
4 10,7 10.8 12.5 13.5 10.7 10.5 9.0 10.9 13.1 11..4 14.5 140 12.4 8.9 8.7 9.1 
5 7.8 9.4 9.9 11.4 10.1 10.3 10.1 9.5 6.6 9.6 10.5 12.3 9.2 7.6 11.3 9.3 
6 9.2 8.1 10.5 11.1 12.i 8.5 10.6 11.3 10,8 11,9 11,2 11,8 142 8,2 6,5 13.4 
7 fl.3 13,2 12.0 9,9 11,7 107 9.5 8.1 11.6 10.1 9.1 9.5 8.1. 6.9 7.8 8.3 
810.9 10,9 11,8 9,4 10.1 14.3 12,6 12,6 12,6 8.6 10.5 13.5 7.1 8.2 8.8 89 0 
9 10.1 7.9 146 9.2 9.2 7.9 10.3 9.9 10.2 9.8 10.3 142 8.9 8.0 5,7 6.7 
10 6,1 9.7 10.6 9.9 ¶.7 13,4 9.4 5.7 18.2 14.3 12.7 13.9 62 130 10.2 8.1 
U 7.9 9.5 11.4 11.2 9,2 10,9 6.9 8.1 12,2 11.3 11,7 10.2 8.5 8.3 9.3 7.8 
12 8.3 8.1 993 9.1 11,3 13,1 8.5 8,7 117 8.9 11.4 1042 9.8 7.7 6.9 6.6 
13 7.2 7.8 7.5 8.4 1098 1494 9,9 7,7 10,8 9,8 11,7 9.8 6.8 11,1 8,2 6,6 
14 8.3 8.4 9.3 9,6 7.0 U.S 6.9 lu.9 8.8 7,5 116 9,9 8,0 7.0 6.8 8.2 
15 5,2 6.3 10,2 7.0 6.9 9,9 8,9 6.9 8.0 10.4 9.0 lu.9 8.0 8.9 8.1 68 
16 6,2 991 7,4 7.3 8.4 8,6 10.4 9.2 10.8 8,7 7,8 1.2.8 9.6 8.8 71 7.2 
17 7.1 8,3 7.6 7,9 9,9 693 7,.. 8,3 11.3 8.9 12.3 7.5 6.2 9.1 6.0 5.8 
18 5,9 8.6 97 6.8 5,9 5,2 9,3 7.1 7.9 7,5 8.8 9.5 9.5 8.9 8,3 78 
19 9,4 6,6 7,9 1060 7,0 7.8 8.7 8.5 11.1 9.7 
20 10.9 6.1 9.1 8.4 6.7 6.5 10.2 9,3 
21. 6.6 6.2 10,9 1094 
22 7,0 6.9 8.4 790 
23 6.6 9.1 
24 7.8 5.6 
25 7.6 7.3 
TABU 1 (conttnz.d) 
A/i 	A/2 	A/3 	1/4 	1/5 	D/la 	D/lb 	D/2a 	D/2b 	D/3 
9 	 9 CT 9 	 9 	d' 	9 	 9 	d' 	9 	CT 9 	c3' 	9 
13,0 9,5 11,4 11,2 8.3 11.9 	12.4 10.7 
14.3 9.5 8,1 9,9 12,0 10.3 9,9 9,7 
10.7 13.4 9.9 8.8 9.3 9.2 	11.5 7.2 
10,0 14.6 7.8 115 8.3 12.0 7.1 8.3 
9.6 13.0 8.2 10.8 9.6 10.5 	11.0 8.9 
14.3 14.6 7.8 9.9 10,8 128 8.9 5.9 
10.7 8.5 9.7 11.2 16.3 11.4 	16.1 9.6 
9.3 9.1 9.3 6.4 U.S 13.3 7.5 8.9 
9.9 11.1 8.5 10.3 9.6 9.4 	10,2 7,4 
8.9 7.5 11.1 11.5 10.4 9,2 
9.4 6.5 8.7 9.2 7.3 9.4 
7.4 7.1 5.3 8.7 7.4 8.4 
6.9 7.8 7.3 6.8 8,0 5.3 
8.7 6.8 7.1 8.8 5.1 7.3 
6.8 7.2 6.5 6.8 7.9 8.8 
8.9 7.0 7.7 5.8 6.3 8.5 
7.1 9.2 6.8 6.8 6.3 7.9 
7.8 8.0 9.9 9.4 6.2 8.2 
6,4 9.1 8.1 7.5 5.7 7.6 
6,3 7,0 6,0 9.7 6.3 5,2 
10,0 13.1 8,9 7.5 77 9,5 6,9 7,0 6.7 8,2 83 9.3 
12.5 13,6 9,3 8,7 10,2 10.3 11.2 8.4 9.2 10.0 11.3 10,9 
9,2 9,3 10,1 11.5 9.3 9.9 10,9 10,2 89 9.7 9.9 10.3 
12.0 8.2 8,4 11.3 9.7 9.6 10.5 8.8 10.1 8.6 8.1 9.3 
9.0 12,0 8.6 1].]. 8,7 8.8 6,8 10,3 11,6 7,9 6,3 11.6 
11,5 ¶.5 9,0 9.0 12.5 7,6 6.4 9.1 6.4 7.9 11.1 11.7 
6.7 8.8 6.0 11,1 8.9 9.6 7.9 11.3 10.2 7.3 7.1 8.8 
8.8 8.8 8.7 8.6 9.2 7.4 7.1 11.9 8.6 8.3 11.0 8.3 
7.7 7.7 10.0 9.5 7.4 9.6 7.9 8.3 9,2 7.8 8.0 8.6 
7.8 8.3 8.0 7.2 9.6 98 7,4 8,9 8,6 5.7 1u,5 8.5 
8.2 6.6 7.4 8.0 9.8 8.3 7.8 6.6 8.0 10.3 9.4 8.9 
9.2 7.3 8,6 9,4 8.6 9.8 8.5 7.9 8.8 9.3 6.3 8.9 
6.7 8.3 9.4 7.0 85 14.0 7.4 8.6 7.6 8.6 8.3 7.9 
7.9 9.5 6.3 7.6 5,5 7.8 7.4 6.6 49 9,5 10.9 8.2 
6.6 5.6 7.8 9.4 8.1 8.8 6.8 8.0 8.8 8.5 8.1 8,2 
6.2 6.5 9.4 9.3 7.8 5.9 8.1 7.8 8.8 8.0 7.4 8.6 
6.8 8.3 6.5 9.7 8.0 51 7.5 7.0 8.5 7.3 8.0 7.1 
69 0 6.6 8.6 7.1 9.8 5.5 7.1 6.4 6.5 9.1 8.6 9.6 
5.7 5.5 5.3 6.7 8.5 6.4 7.0 799 9.1 7.8 
6.0 6.3 6.0 7.5 6.2 5.7 8.0 6.1 
6.3 6.1 7.3 6.8 7.2 6,0 
6.7 6.3 7,3 5.5 8.0 8.7 
6.7 6.8 5.8 5.5 6.7 6.0 
TABU 1 (enatini3.d) 
D/3b 	/1a 	/1b 	 E/2b 	E/3. 	E/3b 	i?/1 	7/2 	713 
c3 
7.3 10.1 9.2 9.9 8.9 10.2 11.7 10.6 9,3 10.2 8.3 7.4 9.8 8,7 10.2 13.3 9.7 11.6 1049 8.7 
7.5 7.8 12.4 11.0 9.8 11,6 9.3 9.1 9.5 9.5 11.7 82 10.6 11,0 12,0 1299 8,7 104 808 L27 
10.3 11.8 10.5 12.4 13,2 9,7 7.0 9.1 69 3 90 9,2 8,7 9.6 9,9 8.6 9.6 8.1 8,0 12,6 10,6 
10.6 9.9 12.2 9.0 12.1 11.4 7,6 6.4 8.1 8.3 11.6 10.0 10.8 10.7 8.5 10.8 72 8.9 8.2 10.0 
9.1 13,6 10.4 10.5 7.5 10.9 5,7 96 97 8.4 11,4 11.8 6.9 11.6 9.1 1063 6,6 8,2 8,0 8.7 
8.5 9,5 8.3 6.9 9,9 9.6 7,8 8.2 8.4 9,4 10,6 13.7 9.1 13.1 7. 9,4 7.9 7.2 8.5 8.1 
9.0 9.0 9.2 8,3 11.3 9.9 8,3 7,3 7,0 10.2 1068 87 10.6 7.0 7.5 10.5 7.9 78 7.7 9.3 
7.5 8.2 6.9 8.8 9,9 10,1 73 9,4 8,0 8.5 8.3 10,2 8.7 7.3 9.2 11.6 6,4 7.9 7,0 8.7 
9.4 6,6 7.9 7.8 7.6 7.7 7.1 9.1 8.4 9.8 7.3 7.3 11.1 9.6 8.4 9.3 6.5 (. 7.8 8.7 
9.0 868 78 9.8 8,1 8,4 6,0 8.1 9,9 104 6.9 67 7.3 9.6 8.1 8.5 6.4 8.4 9.8 8.5 
8.5 9.4 31,0 9,3 6,2 8.1 7,7 90 10.7 10,4 8.3 9.9 9.0 893 1066 9.3 8.2 9,2 6,2 8.9 
7.5 8.3 8.4 8.4 7.5 8.4 7.0 7.0 8,3 8.9 9.1 9.6 7.9 8.8 9.9 7.4 8.0 8,3 6,6 7.7 
97 8,2 9.7 91 7.3 61 8.1 7,0 10,4 9.6 6.7 9.3 899 7.8 11.8 8.4 8.8 9,2 9.5 7.3 
85 7,4 8.9 9.8 7.5 8.8 9.3 8.8 8,6 8.0 8.2 5.8 8.4 9,5 74 9,9 7.1 9,3 4.8 9.1 8.1 8.9 6,7 9.3 7.3 6,3 6.8 87 6.5 8.2 8.2 8,1 9.1 7,9 10,3 9,5 6.8 10,9 6,2 8.4 9.0 5.5 7.9 7.5 9,3 6.2 9,4 7,7 9,7 9,2 6,2 86 9.1 5.8 9,4 11.8 7.1 10,5 6.2 9,0 
8.5 7,3 7.4 6,5 8.1 10,7 9.3 8.0 9.0 11.3 9.1 10.0 7.9 7.6 6.9 9.0 
6.9 5,9 7.2 6.3 7,2 7.6 7.1 6.4 6.6 7.2 8.7 8.3 7.8 5.9 6.6 8.3 5.6 
8.6 7.8 
9.3 8.7 8.6 9.7 79 7.1 8.2 9.0 
8,6 6,7 8.4 7.1 7.4 8.4 7.8 8,2 
7.1 8.1 7.0 6.5 10.8 8.0 9.4 10.8 10.2 9.7 7,2 6.9 7,8 10.8 5.8 8.4 9.9 10.1 5.7 6,3 8.8 1098 8.9 9.5 6.1 8.0 
7.9 12.1 11.2 7.0 6.7 8,7 
863 7.9 7.9 9.5 7.0 9.8 
8.8 82 7.0 8,0 6.4 8.1 
TAIL" (eotitd) 
Cffici.zat13 of Vsriat1. 
oIl 	0/2 	0/3 	0/4 	0/5 	(Vi 	0/2 	0/3 	CV,4 	0/5 
9 	 9 	9 	9 CT 	9 	cr9 CT 9 	9 CT 9 CT 9 
7.5 13.2 9.5 10.6 10.0 8.2 10.8 no 9.1 10.6 11.3 6,4 12.0 9.9 8.0 8.5 
10.3 7.7 8.8 11.4 9.5 10.2 10.4 8.5 7.1 11.7 12.2 8.7 8.1 8.1 9.4 6.9 
10.0 10.7 5.9 8.8 7.2 70 10.3 10.3 10.7 11,7 8.5 8.9 8.4 8.0 5.9 6.9 
62 8.8 10,0 10.4 10.5 10.3 9.0 9.4 8.3 10.2 7.4 8,7 7.6 7.1 6.4 8.9 
8.4 8.1 8.1 8.4 8.1 7.8 5.8 8.1 6,3 8.3 6.4 997 5,7 9. 8.3 9.4 
10.6 8.3 7,4 7.6 8.6 10.8 7.7 8.1 8.0 9,2 8,4 8,0 7.4 9.8 9,3 10.5 
6,3 8.5 10.3 8.1 7.5 6.9 8,5 7.4 7,0 9.3 7.8 8.6 7.8 9.1 7.3 98 
7.9 9.1 5.9 8.8 7.7 7,6 65 6.2 7.6 9.0 6.6 9.0 7.4. 6.6 7,.) 7.4 
6.0 6.8 8.0 7,2 6,9 12.5 7.5 8.1 9.3 11.6 6.1 6.9 5.2 7,4 9.6 9.5 
5.6 8.6 7.2 9.1 6.9 7.8 7,2 8,7 6,3 8.5 9.7 10,7 5,7 7.4 8.0 10.4 
6,5 7,6 6.3 7,1 7.5 7,0 8.0 10.9 6.7 9.6 8.2 59 6.5 9.1 8.2 10.6 
8.7 9.9 6.1 57 7.7 6.1 8.8 5,8 8,7 8,5 7,7 10,1 5.5 62 5.7 7.8 
7.8 9.4 8.0 8.3 7.9 6.6 6.6 9,4 7,3 7,7 8.0 10.7 8.2 7.4 6.7 8.4 
8,3 9.3 7,7 6.1 6,4 7.8 7.6 9.1 73 7,5 6.4 9.0 6.9 7,5 9.4 11,1 
6.5 9.3 79 82 5,9 7.6 6,4 7.8 8,5 8.7 7.0 9.1 6.6 7.3 7.2 10.0 
5.6 90 8.3 892 7.4 9.1 7.7 7,3 6,3 8.5 7.8 8.7 7.6 8.3 6.0 6.5 
62 9.1 7.5 8,0 6,4 7.0 7.2 9.9 6.7 6.8 6.0 8.3 6.9 10.0 
6,9 6.2 8,8 70 9.1 6.9 5.8 8.1 7.4 6.7 
5.8 lOS, 8.3 7.6 
7.3 10.1 8.2 11.6 
7.5 9,3 7.4 8.9 
7.9 10.4 10.7 8.8 
10,9 10.4 7,9 8,4 
9,7 11.0 6.7 7.4 
810 11.7 5.0 8.5 
9.5 8.7 6.4 8.1 
10.0 9.8 8.2 7.5 
8.0 10.2 7.4 7,2 
11.4 10.5 10.0 73 
8.7 9.9 7.1 7.6 
9.6 868 7.8 9,2 
8.2 10,8 5.8 7.2 
9.6 7.4 6.8 8.2 
Gsnsrstioei 
I I 	 $ I I I P 	 P 1 	 I P I 
L1n.v 0 5 10 15 20 25 Li 0 5 10 15 20 25 
CA 0.98 0.98 1.05 1.04 1.09 WU 1.06 1.04 1,04 1.04 = - 
C/2 1.06 1.01 1.07 1.05 11.06 - E/lb 1.06 1.02 1.07 1.10 - - 
C/3 1.07 1.01 1.07 1.07 107 1,10 E/2a 1.03 .96 .99 1,04 - - 
3/1 1,06 .97 109 1.02 - - E/2b 1,03 .96 1.01 .92 - 
3/2 1,05 1.03 1.11 1.10 1.10 - 9/3. 1.04 1.04 1,03 1.011 - 
3/3 .99 1.02 1.01 1.02 - - I/Th 1,01 103 1,04 1.04 - - 
3/4 099 1.01 1.05 1.03 - Itt 1.06 1,05 .99 .99 1,02 1.01 
3/5 1.03 1,02 1.00 1.05 4m - 7/2 1,02 1.07 1.06 1.02 1.01 .98 
1/1 .98 1.03 1.06 1.03 4m 113 1,00 1.06 1.07 1,05 994 1.07 
£/2 1.01 1.02 1.07 1.03 - - 3/1 .97 1.04 1.07 1.05 40 - 
£13 1.03 1.02 - - - - 3/2 1.02 1.04 .99 1.04 - - 
£14 1.03 1,06 1.09 1.03 3/3 1.0.3 1,051.13 1.12 
.99 1.04 1,03 1.06 1,05 3/4 1.02 .98 1.00 .99 
D/1a 1,06 1.02 1.05 1.07 1.05 11/5 .981,051,06 1.06 - 
D/lb 1.04 1.09 1.07 1.08 - a/i 1.03 .98 1.04 1.02 - 
D/2s 1.01 1.03 .98 1.02 - - 0/2 1.03 1.00 .99 1.02 - - 
D/2b 1.01 1.01 .99 .98 0/3 1.03 1.07 1.09 1.10 - - 
D/3. 1.03 1,05 1102 1101 1,03 - 0/4 1.02 1,04 lU 1,03 - do 
D/3b 1.02 .99 1.02 .96 099 0/5 099 .991.071.08 - - 
I I I 	I P S I I 	I P 	P I P 
Gsnspatjosi Gsnratio 
I I 	 I I I 	 1 I I I 	 I I 
Lines (rs11 0.5 540 1045 15-20 20625 Liii.. Ov.rsU 0.5 5.10 10.15 15.20 20-25 
CA 26.9Z 46.7 38.2 7,2 15.5 - E/la 10.74 41.4 1,2 1.1 _- - 
C/a 28.31 49.6 27,4 33.0 5,0 - 4/lb 17.84 45.5 7.2 -1.1 - - 
C/3 38.30 68.2 32.2 55.3 39.5 118 f/2a 12.53 12.5 14.7 9,5  
ri/i 21.49 45.8 208 14.4 - _ E/2b 15.83 14.6 30,9 5,3 - - 
13/2 27.30 51.79 17.4 46.3 -6,8 - /3a 20.06 22,8 21.4 12,44 - 
.13/3 6.71 39.4 5.8 3• 1 - - /3b 22,52 45,1 26.9 11.9 8.8 - 
fi/4 13.13 28.7 14.9 1010 - - 7/1 25.13 40.4 50.0 47.2 14.5 -0.10 
B/5 10,6 28.10 3.2 27.4 - - 1/2 18.03 30.6 25,9 13.5 19.0 1,66 
AA 19.60 19,1 31.1 6.9 - - 1/3 19.18 37,6 41.7 12,6 24.8 -.0,20 
A/2 9.42 23.6 8.0 1960 - 11/1 37.39 36.8 23.4 -0.6 _ 
11.43 1519 - - - - 11/2 22.34 415 34.4 33.1 - 
A/4 18.88 2.5. 3 32.7 3.8 - 11/3 14.00 16,4 26,3 018 
A/5 26.58 47.4 33,3 14.6 32.8 - IVA, 11.89 1093 18,6 3,5 - - 
D/la 23.55 32.1 35,7 23,5 23,1 0/5 26.64 49,9 22,5 11,3 - 
fl/lb 15,61 41.0 19,1 6,8 - 0/1 14.12 26,8 93 10,6 
0/2. 18.26 460 24,5 10.4 - G/2 9.77 12,9 5.8 9.9 - - 
D/2b 18.08 64.0 8.9 19.0 - G/3 22.80 21.9 7.7 16.0 - - 
fl/ia 19.59 49,7 21.3 21.0 1015 0/4 13.58 24,7 6.6 8.4 - 
D/3b 23.57 50.0 31.6 14.1 24.0 - G/5 33.71 20.5]. 5.4 13.4 - 























i • 	Lie.pouae to •e.iectiou. Selection 
intusity A out of 5 of each eei. G.nir*itiou 




























FIGtiIt1 . i tesponse to selection * Selection 
intensit,- out of 8 of each sex. Generation 

















FIGURE 3. 	Repona. to selection. S e l ec ti on  
• intensity 1 out of 5 of each sex. 	ionr,rttion 
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FIGURE 5. Response to selection. 
Ma—mated lines etttrt.t from the base 
poulatiou. 	election intensity 10 out of 
25 of each sex, GSLiuratjon MC4US bed on 











FIGURE B, R.oponee to selection. Mass—muted 
lines started attcr one iestrictiv• mating. 
Selection intensity 10 out of 25 of each sex. 
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FIGURE B. 	Ueøo, to selection. Muss—at.d line* 
started after 1 restrictive sating, S e l ec ti on  
intensity 10 out of 25 of each sex. Ge.eratjon means 
based on average of male and female score.. The pair. 
of lines are indiciitcd by the use of a co1itjtjt.1 
line, :uo'.ui 1 A, ll& 	 i, 1, cd l ill ui, 
28 
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FIGURE 9, Response to aslootiun. Mass—mated lines 
started after 3 restrictive zatins, Selection intensity 
10 out of 2$ of each sex. Generation moans based on 
average of male and female scores. The pairs oZ lines 
are indicated by the use of continuous linoa, broken lines 















FIGURE 10. k.spon.. to aelection. Mass—mated lines 
started i'oie the band population. Selection intensity 
1() out of 25 of such sex, Generation means based on 
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FIGURE 11, 	Response to selection. MasM—mated lines 
started after one restrictive matins. Selection intensity 
10 out of 25 of each sex. Generation weans based on 






























PIGIJUE 12. 	Raapon.e to søloctiou. Maei—mated lines 
started after U restrictive matingg. Selection intenaity 
10 oat of 25 Of each aex. Generation means hnid on average 













The relationship betwt,n ra 
in Figures 0 and 10) .uid t 
The slop* of the line at 
the realised heritability. 
ejonse to individual 
he cumulative selection 












FIGURE 34. Mass—aated lLiiss represented in Figures 6 
and 10. 	Iato of response to selection. A common 
origin ivan to all lines. 	Arithmetic scale. 
FIGURE 15. "se—mated ithea represented in Figures 5 
and 10, hat, of response to aei'ctou. \ cnOfl origin 















BRISTLE NUMBER (STERNOPLEURALS) 
FIGITRE 10. 	Regression of moun sure diforenoe 
between left and right eidee on total count of sterno.. 
plaurale. 	i'oints of lull—sib llaui asss—ratod lines 
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